Key indicators: powder X-ray study; T = 293 K; mean (O-N) = 0.020 Å; R factor = 0.064; wR factor = 0.073; data-to-parameter ratio = 19.8.
Practical chemistry courses at universities very frequently propose the synthesis and characterization of [Co(CO 3 )-(NH 3 ) 4 ]NO 3 , but this goal is never achieved since students only obtain the hemihydrated form. The anhydrous form can be prepared, however, and its structure is presented here. Similar to the hemihydrate form, the anhydrous phase contains the Co III ion in an octahedral O 2 N 4 coordination by a chelating carbonate group and four ammine ligands. The structure reveals an intricate array of N-HÁ Á ÁO hydrogen bonds involving both the chelating and the non-chelating O atoms of the carbonate ligand as hydrogen-bond acceptors of the amine H atoms, which are also involved in hydrogenbonding interactions with the nitrate O atoms. The structure of the anhydrous form is close to that of the hemihydrate phase, suggesting a probable topotactic reaction with relatively small rotations and translations of the [Co(CO 3 )(NH 3 ) 4 ] + and NO 3 À groups during the dehydration process, which produces an unusual volume increase of 4.3%.
Related literature
For the crystal structure of the hemihydrate, see : Bernal & Cetrullo (1990) ; Junk & Steed (1999) ; Christensen & Hazell (1999) . For the synthesis of the hemihydrate, see : Schlessinger (1960) . For powder diffraction indexing figures of merit, see: de Wolff (1968) ; Smith & Snyder (1979) . For profile refinement by the Le Bail method, see: Le Bail (2005) . For preferred orientation correction, see: Dollase (1986) .
Experimental
Crystal data Table 2 Hydrogen-bond geometry (Å , ). The synthesis and characterization of [Co(NH 3 ) 4 CO 3 ]NO 3 is a frequent choice for practical chemistry courses at universities. Under the conditions described, students only obtain the hemihydrated form whose crystal structure was determined three times from single-crystal data (Bernal & Cetrullo, 1990; Junk & Steed, 1999; Christensen & Hazell, 1999 ). In the latter study, a thermogravimetric analysis has shown that the anhydrous form is produced at 125°C before the complete decomposition into Co 3 O 4 at 230°C. Reproducing this TGA experiment complemented by a DSC measurement, it was decided to isolate the anhydrous form and to solve its structure by powder diffraction methodologies since no suitable single-crystal could be obtained.
It was impossible to obtain a sample free of the hemihydrate phase in air, even when stopping the DSC scan at 180°C.
The anhydrous form is hygroscopic, but the rehydration stops before being complete. Therefore, rather than realising a thermodiffraction analysis under controlled atmosphere, a powder diffractogram was recorded on a stabilized mixture of the anhydrous and hemihydrate forms. Indexing was realized using the McMaille software (Le Bail, 2004) , applied to 20 peak positions at 2Θ < 34°, leading to a monoclinic cell with figures of merit M20 = 29 (de Wolff, 1968) , F20 = 51 (0.006,65) (Smith & Snyder, 1979) . Intensities were extracted by the Le Bail (2005) method using the Fullprof software (Rodriguez-Carvajal, 1993 ), refining only a scale factor for the impurity phase (the hemihydrate) having its atomic coordinates fixed to those of the most accurate single-crystal study (Bernal and Cetrullo, 1990 Rietveld refinement was done using the Fullprof software (Fig. 1) ; the hemihydrate fraction in the biphased powder was estimated to be 19%. A displacement sphere plot is shown in Fig. 2 .
Each molecular group was refined with a large number of restraints in order to keep its geometry acceptable, i.e. similar as that in the hemihydrate phase; this makes any discussion about the internal geometry senseless. Discussing the intermolecular distances is possible for the N(amine)···O contacts, but not for the H···O ones since the H atom positions are inherited from the tetraamine-carbonato-cobalt group of the hemihydrate used at the structure solution stage.
However, even if certainly inaccurate, the hydrogen bonding scheme looks acceptable, allthough a few N-H···O angles are below 120° but at the same time belonging to the shortest N···O distances (which are in the 2.76-3.39 Å range, compared to 2.89-3.09 Å in the hemihydrate). Anyway, there is no doubt that the hydrogen bonding scheme in the anhydrous form, similar to that found in the hemihydrate phase, is responsable for the three-dimensional cohesion of the crystal structure by a complex array of bonds from the amine H atoms to both the chelating and nonchelating O atoms of the carbonato ligands and to the nitrate O atoms (Figures 3 and 4) . a similar stacking in alternate layers of these groups is observed along b hemi and c anh . Moreover, the tetraamine-carbonatocobalt groups correspond almost two by two in the hemihydrate phase by a translation of 1/2c (Fig. 5 to be compared to Fig. 4) , and the same is true for the nitrate groups. The two curved arrows in Fig. 5 show that each group in these pairs of groups at \sim 1/2c apart may displace half their distance in opposite direction along the a axis in order to attain a quasi perfect superposition in projection onto the ab plane allowing then to divide c by two when the water has gone away.
Additional rotations of the groups and cell parameters adjustments are also necessary to reproduce the final arrangement in the anhydrous form (Fig. 4) .
Unusual is the fact that the dehydration produces a 4.3% volume increase which may be due to a relaxation after the disappearance of the strong hydrogen bonds previously associated to the water molecules. This would perhaps explain the uncomplete rehydration in air because the possibility of water penetration would be stopped soon at the crystallite surface once rehydrated, due to the volume retraction. Voids were found in neither the anhydrous nor hemihydrate phase (PLATON ; Spek, 2009).
The hemihydrate was prepared according to the method published by Schlessinger (1960) , and then dehydrated.
Refinement
The Rietveld refinement was performed using intramolecular interatomic distance restraints (±0.01 Å) as obtained from the hemihydrate single-crystal study (Bernal and Cetrullo, 1990 by the March-Dollase (Dollase, 1986) approach. Isotropic atomic displacements were restrained to be the same during refinements inside of the three groups NO 3 , CO 3 , CoN 4 , and were fixed for the hydrogen atoms.
Computing details
Data collection: DIFFRAC-AT (Siemens & Socabim, 1993) 
Figure 5
Projection of the structure of the hemihydrate phase along the c axis. In the topotactic dehydration hypothesis, this c axis has to be divided by two (Z = 8 → 4). The two curved arrows relate two tetraamine-carbonato-cobalt and two nitrate groups which are separated by ~1/2c and should translate in inverse direction along a in order to attain their superposition in projection onto the ab plane and also should finally rotate, making both 
Data collection
Siemens D500 diffractometer Radiation source: X-ray tube Graphite monochromator Symmetry codes: (i) x, y+1, z; (ii) −x+1, y+1/2, −z+1/2; (iii) −x+1, −y+1, −z+1; (iv) x, y−1, z; (v) −x+2, y+1/2, −z+1/2; (vi) −x+2, −y+1, −z+1.
